In order to promote understanding of UK governance and assurance relating to electronic health records research, we present and discuss the role of the Independent Scientific Advisory Committee (ISAC) for MHRA database research in evaluating protocols proposing the use of the Clinical Practice Research Datalink. We describe the development of the Committee's activities between 2006 and 2015, alongside growth in data linkage and wider national electronic health records programmes, including the application and assessment processes, and our approach to undertaking this work. Our model can provide independence, challenge and support to data providers such as the Clinical Practice Research Datalink database which has been used for well over 1,000 medical research projects. ISAC's role in scientific oversight ensures feasible and scientifically acceptable plans are in place, while having both lay and professional membership addresses governance issues in order to protect the integrity of the database and ensure that public confidence is maintained.
Introduction
The independent scientifi c advisory Committee (isaC) for mhRa database research is a non-statutory government expert advisory body established in the uK in 2006 to provide advice to the medicines and healthcare Products Regulatory agency (mhRa) on research-related requests to access data provided from the general Practice Research database (gPRd) and the yellow Card scheme for reporting of adverse drug reactions (adRs), the main purpose of which is to identify signals of previously unrecognised adRs. Professional members of the Committee, such as clinicians and statisticians, make up the majority of the membership because our terms of reference emphasise scientific aspects of research. however, the Committee also includes two lay members, and is occasionally called on to provide advice on broader issues such as health benefi t, experience of uK primary care, and quality of patient information documentation. Prior to the formation of isaC, requests to access the gPRd for research purposes were subject to review by a scientifi c and ethical advisory group whose role was described briefl y in 1998. 1 in early 2012 the gPRd was reconstituted as the Clinical Practice Research datalink (CPRd), an observational data and interventional research service, jointly funded by the nhs national institute for health Research and the mhRa. The renaming recognised the growing importance of data linkage beyond primary care, and the fact that CPRd services are designed to maximise the way anonymised nhs clinical data can be linked to enable many types of observational research and deliver research outputs that are benefi cial to improving and safeguarding public health. The status of CPRd was summarised by herrett et al. in 2015 2 who indicated that it has coverage of over 11.3 million patients from 674 practices with approximately 6.9% of the current uK population included. an important strength of the database is that these patients are broadly representative of the general population in terms of age, sex and ethnicity.
overarching ethical approval has been granted for observational studies using anonymised CPRd data by a 1 honorary Professor, faculty of epidemiology and Public health, london school of hygiene and Tropical medicine, london, uK;
2 Chair in Primary Care epidemiology and honorary Consultant in Public health, brighton and sussex medical school, brighton, uK; 3 Chair, north West london local education and Training board (health education england); 4 associate Professor, medical statistics group, nuffi eld department of Primary Care health sciences, university of oxford, oxford, uK national Research ethics service committee, subject to review of each protocol by isaC. evaluation of protocols using yellow Card data 3 follows similar principles to those described below but has formed a small and declining proportion of the work of the Committee (about 1% since 2012), and is not discussed further here.
as indicated on the isaC section of the CPRd website, 4 the purpose of the Committee's review of CPRd protocols is defi ned as 'to ensure that investigators using the databases for research have feasible plans which do not raise governance concerns and reach an acceptable scientifi c standard. in this context we aim to provide timely, high quality peer review of protocols whilst recognising that the quality of the research ultimately remains the responsibility of the applicants.'
Membership and development of ISAC
The Committee meets quarterly but most of its work to review applications is performed between meetings, co-ordinated by its secretariat and overseen by the chair. The size of the Committee has increased from 12 members in 2006 to 18 in 2015 (plus the chair). The Committee includes two lay members and 16 scientific members covering various disciplines including, in particular, epidemiology and biostatistics, along with a variety of clinical specialties, e.g. paediatrics, diabetic medicine. The Committee publishes a summary of its minutes 5 and an annual report of its activities. further information regarding the membership can be found in past annual reports which have been archived from the mhRa website. 6 members are required to declare any potential confl icts of interest and, where these are signifi cant, are disbarred from involvement in the review process.
during the period 2006-2011, all assessment was undertaken in the Committee with the chair producing the feedback documents for all applications on the basis of member reviews. The mhRa provided secretarial staff resource only. The number of protocols increased from 114 in 2006 to 155 during 2011 and, to address a further expected increase in volume and complexity, plans for three changes were then formulated as follows: (i) a half-time paid chair role to assess and oversee the outcome of every application, (ii) a half-time scientifi c secretary who would undertake parallel reviews and (iii) a risk review system (see below) which would divide protocols into low risk (not requiring review by members but assessed by both the isaC chair and scientifi c secretary) and medium or high risk which would also be subject to review by members. These changes were introduced in January 2012 and led to a reduction in mean review times from 30 working days in 2011 to 6 in 2014. during this period the number of new protocols submitted rose to 260 in 2015. The chair remained responsible for production of the feedback for all applications, including resubmissions and amendments, until July 2015 when a revised protocol review system was introduced (see below).
Application and assessment processes
all protocol submissions are accompanied by an application form that provides information on the applicants, their expertise and experience, funding source(s), confl icts of interest, publication plans and any request(s) for use of linked data. The form is periodically revised and the current version is available on the CPRd website.6 until mid-2015, applicants were encouraged by use of a checklist to structure their protocol according to a series of headings. since then standard headings (see appendix 1, which is available online) have become part of the application form so as to enable a simpler validation process that ensures that all the necessary sections have been included.
The application process is supported by detailed guidance that has developed considerably over time on the basis of experience and discussion at meetings. The current guidance can be found on the CPRd website.
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The Committee's approach to the assessment of research protocols our overall approach is based on the tenet that observational research should be protocol-driven and subject to defi ned standards as for other clinical research (e.g., clinical trials). We endeavour to facilitate research by maintaining fast review times, and we try to improve rather than prevent research which appears problematic, so few protocols are rejected outright. a system of 'risk review' has been in place in recent years the purpose of which is to ensure that studies that are complex and have potentially bigger implications for public health receive a greater level of review than more basic studies.
There is a risk that some research will be driven by the data, with selective publication of interesting fi ndings derived by trawling through large amounts of data. We therefore try to limit and focus researchers, and generally avoid suggesting additional avenues of analysis unless these are aimed at exploring and improving validity (e.g. sensitivity analysis). importantly, we try to encourage researchers to clearly specify in advance important aspects of the research such as case defi nitions and, above all, their approach to the analysis. Confounding is a potential concern in almost all observational research which is not purely descriptive and therefore warrants a section in an isaC protocol in its own right. most studies conducted in CPRd will be subject to some missing data and therefore we routinely require a plan to recognise and deal with it. The database itself has other limitations and we expect these to be recognised, along with specifi c consideration of limitations relating to the research questions being posed.
on the governance side, we make sure that applicants have suffi cient expertise and experience in the use of primary care data, that confl icts of interest are declared and that any ethical concerns are addressed. The goal of maintaining full patient confi dentiality is given very high priority and the potential risk of a breach is systematically assessed by isaC for each protocol with mitigation being put in place where necessary (see below for details).
Risk review system a system of 'risk review' was implemented from January 2012 with the aim of rapidly categorising studies into those that do or do not require additional review by individual members of the Committee. Relatively straightforward protocols (e.g. basic descriptive epidemiology, studies of drug usage) have been designated low risk and those that are more complex designated medium or high risk if they meet one or more of the following criteria:
• studies with potentially major public health/public interest implications • studies requiring contact with patients • studies with non-standard methods or analytical techniques • hypothesis testing drug safety studies
The risk designation is performed independently by both the scientifi c secretary and chair, with the fi nal decision being made by the chair. Judgement is involved in applying the criteria so as to ensure that those protocols which are most likely to benefi t from additional review are those which receive it. in 2014, 74% of protocols submitted were judged low risk. The medium category risk category has rarely been applied and, since such protocols were being handled in the same way as those judged high risk, this category has now been dropped.
further handling has depended on the risk categorisation, with low risk protocols being managed by the chair of isaC and CPRd staff without reference to Committee members. Protocols not deemed low risk are subjected to additional review by two members of the Committee selected by the chair on the basis of specifi c expertise, even work sharing as far as possible, and more detailed criteria for lay member and statistical member review. members are allowed two weeks to complete their review and, over the last four years, the response rate has exceeded 99%.
The scientific assessment form currently used for all applications is shown in appendix 1 (available online). scientifi c issues raised in the assessment are the major driver of the outcome and content of the feedback but a number of other considerations are also taken into account, as follows.
Ethical issues
a small proportion of protocols have raised significant ethical issues, usually because patients are approached for information or a sample. These have automatically been rated high risk and a lay member of the Committee is asked to review the protocol and any documentation intended for patients (e.g. consent forms, information sheets), and their comments included in the feedback. such studies have also required review by research ethics committees.
The need for patient group involvement
Patient group involvement is encouraged by isaC for most studies and is normally required for those that involve approaching patients directly and require specifi c ethical approval.
Funding source and confl ict of interest statement
isaC considers it important that the source of funding for a study is made explicit in the application and is consonant with a confl ict of interest statement provided by the applicants.
Assessment of expertise and experience in the research team
since mid-2015 all applicants have been required to provide a short Cv so that the expertise and experience of the research team can be assessed. We now differentiate between the 'chief investigator', who must be a senior researcher who takes overall responsibility for the research, and the 'corresponding applicant' who submits the protocol and deals with the feedback. a submitted Cv is given a reference number and allocated suffi x(es) to indicate the person meets the criteria to be considered as one or more of the following:
C -Chief investigator (based on seniority) e -experienced CPRd user (has completed at least three studies) P -uK primary care practitioner (e.g. gP , past or present) s -statistician (evidence of statistical training and experience) l -experienced user of linked CPRd data The combined expertise of the team is assessed in relation to the protocol in question and if it appears defi cient, an appropriate statement is included in the feedback. Requests for access to the data are frequently submitted from abroad (notably from north america) and this issue is particularly important when none of the researchers are based in the uK, and they are likely to be unfamiliar with the healthcare system.
Issues related to the use of linked datasets
a subset of english practices (representing more than 50% of all uK CPRd practices) have consented to participate in its linkage scheme. Patient-level data from consenting practices are linked via a trusted third party (the health and social Care information Centre) to other existing data sources. established linkages include inpatient and outpatient hospital episode statistics, offi ce for national statistics mortality data, and the index of multiple deprivation and Townsend scores (data on socioeconomic status). bespoke linkages have included disease registries such as the national Cancer Registry and the myocardial ischaemia national audit Project. Researchers can make requests for bespoke linkages for individual studies and further linkages are planned in the future. applicants are expected to explain why linked data are needed and how they will be used, and evaluation of these factors is part of the isaC assessment. We also consider whether the applicants have experience of using the relevant linkages or, if not, have discussed them with CPRd and provided evidence of that in the application. The use of linkages is also a key part of the confi dentiality risk rating system.
Confi dentiality risk assessment
since mid-2013 all studies have undergone a confi dentiality risk assessment according to a rating system devised in conjunction with the Confi dentiality advisory group (Cag) of health Research authority that categorises proposals as low, medium or high risk. The Cag risk rating is performed independently by both the chair and scientifi c secretary using a scheme which takes into account:
(a) The number of datasets to be linked (1-4 = low risk; 5-7 = medium risk 8+ = high risk) and whether they are established or bespoke.
(b) Whether data fi elds will be used which have a potential or identifi ed risk for re-identifi cation.
(c) Whether the investigators have access to any of the linked datasets in a patient identifi able form, or associated with a patient index.
(d) Whether small or specifi c populations will be studied with a risk of small cell counts based on rarity of outcomes or exposures, and proposed stratifi cations.
broadly, the risk category is initially defi ned on the basis of (a) and then moved up a level if one of the factors (b)- (d) is present. if more than one such factor is present, then it is rated high risk. When the fi nal Cag risk rating is low, no action is required. When it is medium risk some mitigation is required (e.g. reminding investigators of the risk and their responsibilities) and is included in the feedback. When it is high risk, isaC completes its assessment of all other issues (if necessary requesting a resubmission) and then refers the protocol to Cag for their approval.
The most common reason for assignment to the medium risk Cag category is the likelihood that small cell counts will arise and need to be suppressed. a standard statement is used in the feedback indicating that 'it is essential that consideration is given to preserving confi dentiality at the reporting stage. The possibility of unintentional (deductive) disclosure arises when cells with small numbers of patients are quoted. Please note that, when reporting the data, CPRd policy is that no cell should contain <5 events.'
The nature and potential benefi t of the study to public health/interest
The nature of the study is considered by asking applicants to tick one or more of eight specifi c boxes on the application form:
adverse drug reaction/drug safety 2.
drug utilisation 3. disease epidemiology 4.
drug effectiveness health/public health services research 8.
Post-authorisation safety if the study is accepted as falling into one of these categories, it is automatically considered to be of potential benefi t to public health and in the public interest. however, if the study type does not fi t there is an 'other' box and further explanation by way of a statement of the potential benefi t of the study to the public health/interest is required and is placed within the lay summary.
Acceptability of the plans for disseminating and communicating the study fi ndings
isaC expects most studies that it approves to be published in the scientifi c literature and considers it an ethical obligation for any study with potential public health implications. for applications which do not indicate that publication is intended, we may encourage publication in the feedback or even request a commitment to publish be added to the protocol.
Current protocol review system
in mid-2015, in response to increased volume of submissions and the non-viability of the chair role on a half time basis, a new review system was introduced whereby the assessment of low-risk protocols is performed by members of the CPRd research team and feedback drafted by the scientific secretary with chair oversight and sign-off. The chair continues to handle high-risk protocols as before, preparing the feedback on the basis of reviews from two members and an assessment performed by the scientifi c secretary. The new review process is summarised in figure 1 .
Outcomes of the application process
The product of the isaC review process is a feedback document sent to the applicants with one of four possible outcomes:
(1) approve: Recommended for applications that raise no signifi cant scientifi c or other concerns and appear to have met all isaC requirements.
(2) approve with comments: Recommended for applications that meet the approval criteria given above when there are specifi c suggestions to improve the research that can be made or minor errors that the applicant ought to correct. in general, this option is only used when such changes that might be anticipated from the comments would not lead to an amendment being considered necessary (the criterion for which is that it would 'substantially change the study design or analysis plan' -see below).
(3) Resubmission: Recommended when it is considered that there are specifi c signifi cant issues that need to be addressed before the protocol can be considered scientifi cally acceptable and/or to have met isaC's requirements. a list of points for the applicant to address accompanies this recommendation. Resubmissions are assessed promptly and the application approved providing all the points made are considered to have been addressed and the protocol amended accordingly. a small proportion of applications require second and, very occasionally, third resubmissions. (4) Rejection. Possible scientifi c grounds for isaC rejecting an application are as follows:
• The study is considered unfeasible in CPRd.
• The application is considered to be grossly defi cient from a scientifi c perspective such that it would be preferable to start with a new submission than to try to deal with the concerns by resubmission.
• There are major concerns that the research is likely to lead to a fl awed outcome.
in 2014, resubmission (59%) and approval with comments (28%) were much the most common outcomes with 11% approved without comment and only 2% of applications being rejected.
Amendments to protocols
in mid-2012 isaC introduced guidance to applicants relating to the submission of amendments that recognises that, during the course of some studies, it may become necessary to deviate from a protocol which has been approved by isaC. in our view, any deviation should be clearly documented by the applicant but not all such amendments need to be submitted for isaC review and approval. The general principles to be applied in regard to the need for submission are as follows:
• major amendments should be submitted • minor amendments need not be submitted (but must still be documented by the applicant and should normally be mentioned at the publication stage)
We consider an amendment as major if it 'substantially changes the study design or analysis plan of the proposed research'. The guidance we have developed contains examples of amendments which might be considered major or minor and the current version can be found on the CPRd website.
8 Transparency While our processes have been open and subject to standard uK government practices (e.g. publishing an annual report) since the Committee was formed, prior to mid-2015 all information relating to specifi c CPRd protocols submitted to isaC was held entirely in confi dence. since then, a more transparent approach has been adopted whereby the lay and technical summaries are published on the CPRd website three months after the study commences. 9 aside from the general desire to be more open, one of the motivating factors here has been increasing duplication of studies within the database. some duplication is hard to prevent and may be desirable. however, the knowledge that one or more studies of a particular issue are already ongoing should help to deter the research community from developing further similar proposals in favour of other research questions as yet unstudied in the database.
Discussion
The scope of uK primary healthcare data for addressing important medical research questions is potentially enormous and covers many areas of clinical medicine and public health, resource utilisation and health economics, and methodological studies. The formation of CPRd through linkage of primary and secondary care records, mortality and other databases/registries in recent years has extended the potential value of the data considerably, as demonstrated by an extensive bibliography.
10 however, it is essential that there is an adequate oversight mechanism in place 11 and this is the function of isaC which provides independent review of research proposals, and whose approval is needed before the research can begin.
The risk-based process we have described has demonstrated the feasibility and acceptability of a robust and transparent process of oversight. over a long period of time, there have been no important breakdowns of governance or signifi cant public concern about the research being undertaken in CPRd. This is despite the sensitivity of the data and the development of extensive linkages of various databases.
While this is a report on a single system, we believe similar approaches to database oversight exist elsewhere in the uK, and more widely, although there is little published information about their processes. for example the secure anonymised information linkage (sail) databank in Wales has an information governance Review Panel that reviews all proposals to use sail data 'to ensure that they are appropriate and in the public interest', a process which normally takes about three months. 12, 13 Research proposing use of The health improvement network database is also subject to review by a scientifi c Review Committee. 14 after 10 years, isaC is facing a rapidly changing environment and is likely to need to adapt the way it operates. future challenges are likely to include further linkages, new sources of data (e.g. provided by patients) creating different governance challenges, and possibly changes in data regulations relating to health research. There is also growing uncertainty about exactly what is 'health' data that could raise different concerns about use and access. We are confi dent that the principles of oversight discussed above will be maintained and built upon in order to ensure that the quality of research using the database is maintained, and that it will continue to be used in the public interest, and in the best interests of public health. 
